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Foreword

(This Foreword is not part of ANSI C63.12-1987.)

The problem of electromagnetic compatibility has existed from the early days of radio when spark
gaps were used for transmitting and receivers picked up many signals unintentionally. Radio trans-
mission has evolved from those early days into a highly sophisticated science. However, the need for
compatibility is even greater today than it was in earlier times since modern society has come to
depend on radio waves in all facets of life from garage door openers and licensed broadcasting to
sophisticated airplane and missile guidance systems. The proliferation of unintentional radiators
such as personal computers and video games has increased the need for electromagnetic compatibility.

The need for an electromagnetic compatibility document was recognized by the American National
Standards Committee C63, and a draft standard of this document was approved by C63 on August
5, 1977. The first official issue of the standard was approved December 2, 1983, and published by
the IEEE in 1984. Changes in national and international standards since that time prompted Com-
mittee C63 to request that Subcommittee No 1 undertake revision of C63.12. The present document
is the result of that undertaking.
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American National Standard

for Electromagnetic Compatibility Limits—
Recommended Practice

1. Scope

Over the years many electromagnetic com-
patibility measurement and control standards
have been developed. Many of these are of con-
cern to particular classes of devices such as re-
ceivers, transmitters, incidental radiation
devices, etc. In establishing limits, it is necessary
to relate the measurement technique used to
determine compliance with a given limit to the
field conditions under which the device being
controlled will actually operate. The purpose of
this standard is to set forth, at least for reference
purposes, a suggested set of limits which may
find general application. This document does not
set specific limits. It presents a rationale for
developing limits and recommends a set of limits
that are representative of current practice. In
practice these limits! may be adjusted in par-
ticular applications as circumstances dictate.
This document does not consider limits for in-
dustrial, scientific, and medical ISM) equipment
which specifically uses radio frequencies as a
major part of its operation. '

As part of the development of limits, the fol-
lowing parameters should be considered:

(1) The general properties of both man-made
and natural environmental noise

t2) An understanding of the devices commonly
used for measurement of radio noise and their
properties. which will assist the practitioner in
selecting such equipment and associated mea-
surement techniques for the particular appli-
cation

(3) The rationale that can be used in selecting
a consistent set of limits for emission and im-

!t should be noted that the limits and measurement tech-
niques described herein are proposed for general use to the
extent that they are not covered in regulations of Federal
Government agencies. Clearly, in circumstances where such
regulations apply and could be considered to be in conflict
with these practices, the government regulations take prece-
dence.

munity, (susceptibility) subject to various envi-
ronmental constraints (good engineering
practice)

These practices are intended to be applicable
to individual equipment as well as systems of
various sizes and, if properly applied, will pro-
vide guidance for obtaining both intrasystem
and intersystem compatibility.

This standard is organized as follows: Section
2 references instrumentation and measure-
ments methods, Section 3 contains a list of def-
initions, Section 4 describes environmental radio
noise, and Section 5 describes the selection of
measurement parameters. Section 6 discusses
limit setting, and Section 7 is a list of references.

Appendixes A, B, and C discuss the measure-
ment of amplitude distribution, the measure-
ment set envelope amplitude distribution, and
the amplitude probability distribution, respec-
tively.

2. Instrumentation and Measurement
Methods References

Instrumentation and measurement methods
used for determining electromagnetic compati-
bility (EMC) are described in more detail in
ANSI (63.2-1987 [1]? and ANSI C63.4-1981 [2),
and in forthcoming immunity documents to be
added to them. These documents should be re-
viewed before proceeding to make measure-
ments. A forthcoming ANSI document (see 7.2,
footnote 9), Guide to Electromagnetic Compati-
bility Standards and Procedures (PC63.8), con-
tains information on various EMC standards in
current use in the United States. When Amer-
ican National Standards referred to in this stan-
dard are superseded by a revision approved by
the American National Standards Institute, the
revision shall apply.

2 Numbers in brackets correspond to those of the refer-
ences listed in Section 7.
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3. Definitions

amplitude probability distribution (APD).
The fraction of the total time interval for which
the envelope of a function is above a given
level x.

atmospheric radio noise. Noise having its
source in a natural atmospheric phenomenon.

average crossing rate. The average rate at
which a specified level (zero if not specified) is
crossed in the positive-going direction.

distribution function [P(x)]. The probability
that a parameter is less than a given value x.

electromagnetic compatibility (EMC). The
ability of a device, equipment, or system to func-
tion satisfactorily in its electromagnetic envi-
ronment without introducing intolerable
electromagnetic disturbances to anything in
that environment.

envelope amplitude distribution (EAD). A
cumulative distribution of the impulse response
positive crossing rates of a bandpass filter at
different spectrum amplitudes.

environmental radio noise. The total electro-
magnetic disturbance complex in which an
equipment subsyvstem or system may be im-
mersed. exclusive of its own electromagnetic
contribution

immunity (to a disturbance). The ability of a
device. equipment. or system to perform without
degradation in the presence of an electromag-
netic disturbance

impulsive noise. Electromagnetic noise that,
when incident on a particular device or equip-
ment. manifests itself as a succession of distinct
pulses or transients.

NOTES: () The frequency spectrum of these disturbances
must be substantially uniform over the useful pass band of
the transmission system.

t2) The same source may produce an output characteristic
of impulsive noise in one system and of random noise in a
different system.

intersystem electromagnetic compatibility.
The condition that enables a system to function
without perceptible degradation due to electro-
magnetic sources in another system.

intrasystem electromagnetic compatibility.
The condition that enables the various portions
of a system to function without perceptible deg-
radation due to electromagnetic sources in other
portions of the same system.

noise amplitude distribution (NAD). A dis-
tribution showing the pulse amplitude that is
equalled or exceeded as a function of pulse rep-
etition rate.

power density. Emitted power per unit cross-
sectional area normal to the direction of prop-
agation.

probability density function [p(x)]. The
derivative of the distribution function P(x).

pulse count. The number of pulses in some
specified time interval.

random noise. Electromagnetic noise the val-
ues of which at given instants are not predict-
able.

NOTE: The part of the noise that is unpredictable except in
a statistical sense. The term is most frequently applied to
the limiting case in which the number of transient distur-
bances per unit time is large so that the spectral charac-
teristics are the same as those of thermal noise. Thermal
noise and shot noise are special cases of random noise.

4. Description of Environmental Radio
Noise

The minimum level required for satisfactory
reception of desired radio or control signals is
determined by the level of environmental radio
noise or undesired signals with which the de-
sired signal must compete. Several types of radio
noise may influence reception; however, with a
particular system and environment one type will
generally predominate at a given time, espe-
cially if a receiver is located physically near a
specific source.

All sources of radio noise can be divided into
two general groups, wide bandwidth and narrow



bandwidth noise, in which the distinction is usu-
ally based on comparison with the bandwidth of
a typical receiver. Wide bandwidth noise is fre-
quently impulsive and can be divided further
into two groups, natural and man made. Narrow
bandwidth noise is usually generated by a va-
riety of restricted radiation devices—industrial,
scientific, medical (ISM) equipment, licensed ra-
dio transmitters, and incidental radiating de-
vices operating with fast rise time oscillations
or microprocessors or both. These devices gen-
erally radiate radio frequency energy over a lim-
ited portion of the spectrum clustered around
discrete frequencies. Licensed radio transmit-
ters also radiate a broad noise spectrum near
their carrier frequency.

To the extent that radio noise varies, a time-
domain statistical description is necessary to
characterize it. Just how much detail is needed
in the description depends upon the desired ac-
curacy of predicting degradation and the infor-
mation bandwidth of the system with which it
may interfere. In general, the noise variations
take place in spectrum amplitude, which may
be associated with a change in impulse rate and
may occur in periods of time ranging from frac-
tions of a second to periods of a year or more as
in the case of atmospherics.

In determining how to conduct measurements
of radio noise sources, the following criteria
should be kept in mind [3]:

(1" Since many measurements are usually re-
quired in many areas, parameters should be sim-
ple and economical to measure and analyze

t2) Parameters should be such that the inter-
ference effect of the noise on the various types
of receiving systems likely to be affected can be
accurately judged

t3* Parameters should be such that they can
be related to such predictors as, for example,
population and vehicle density.

141 Parameters should be useful in identifving
the source of the measured noise

The umplitude probability distribution (APD)
and the noise amplitude distribution (NAD) are
time-domain statistical distributions that have
been measured frequently. They give detailed
information about the noise, and they can be
used to evaluate the effects of a given type of
noise on a given communication system with
varying degrees of accuracy. They are briefly
described in Section 5. Other distributions have
been measured.

For stationary distributions, relatively simple
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real-time logic functions can be utilized in a mea-
surement system to obtain the required data,
generally presented graphically. Another ap-
proach is to measure certain statistics of the
distribution, such as the average, peak, rms,
quasi-peak, and average logarithm, rather than
the distribution itself [8], [21]. One or more of
them can be used to predict the effects of a mea-
sured radio noise on the performance of a spe-
cific communication, navigation, or other
electronic system provided the repetition rate,
bandwidth product, or other vital information
is known.

5. Selection of Measurement
Parameters

It is apparent that no single parameter can
be selected as the best for measuring interfer-
ence effect on a wide variety of services, for ex-
ample, voice, telegraph, facsimile, data, and
television (TV). There is also a wide range of
needed service quality. In the case of interfer-
ence from atmospheric radio noise, a parameter
which is related to very occasional lightning
flashes should be chosen if a very high quality
of service is desired 100% of the time. Otherwise,
a measure related more nearly to the average
or rms level might be more meaningful.

There has been an effort, particularly in tele-
type and data transmission, to use various cod-
ing techniques to improve the performance of
radio circuits in the presence of fading and in-
terference with varying degrees of success. It has
become apparent that in the real world, inter-
ference (or severe fading) tends to occur over
limited periods of time and frequently is capable
of destroying during its presence any signal,
however coded. This has led to the consideration
of redundancy spaced in time rather than in
frequency or space in order that occasional
bursts of radio noise will not cause uncorrected
or unnoticed errors in coded transmissions. The
type of coding undoubtedly affects the weight-
ing, which should be given in deciding on noise
measurement parameters.

The interference produced by a continuous
wave (CW) signal may vary critically with the
phase and amplitude relation between it and the
desired signal. For example, for AM broadcast-
ing, regulations require stations to maintain a
*20 Hz carrier tolerance in order to keep in-
audible the beat note between stations on the
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same frequency. In this case, the interference
originally caused by the carrier beats has been
so reduced that the modulation from the inter-
fering stations now predominates. Similarly, to
reduce interference, 10 or 20 kHz frequency off-
sets of television stations are employed. Impul-
sive interference having certain repetition rates
may prove especially destructive to TV recep-
tion. The design of the TV receiver synchroniz-
ation circuit is critical in this regard.

If a communication system performance is de-
graded by a particular form of radio noise, the
system might be redesigned to reduce the impact
of that radio noise. An example is the use of
limiters in FM and AM voice systems to reduce
local impulsive radio noise effects. Thus, devel-
opment of measuring methods should be closely
allied to interference studies since the utility of
the measurements will hinge largely on their
correlation with caused interference.

5.1 Single Parameter Measures

5.1.1 Quasi-Peak. Historically, radio noise
measurements were first made to protect AM
broadcasting. Reference [6] shows that the quasi-
peak meter provides, on the basis of listening
tests, good correlation of interference to AM re-
ceivers created by three different types of indi-
vidual noise sources. There have been several
sets of charge and discharge time constants used.
in particular 1-600, 1-160, and 10-600 ms, de-
pending upon the application and frequency
range [11.

5.1.2 Peak. In the United States peak mea-
surements teither metered or slideback) have
been widelv used in military standards and for
measurements of impulsive (ignition) interfer-
ence. As u means of evaluating the radiation
from u variety of incidental radiation devices.
the peak reading meter is limited. For example.
the radiated radio noise from 1-100 ignition sys-
tems could produce the same peak reading
whereas the associated power would vary by 20
dB

5.1.3 RMS. The rms value has been used in
the measurement of atmospherics and other
forms of random noise. It has the advantage that
it can be related to the spectral power density
which, for noise with a flat spectrum, is inde-
pendent of bandwidth. For some types of trans-
missions it can be correlated quite well with
interference effect.

5.1.4 Average. The average is used most com-
monly for measuring the level of modulated ra-

10

dio carriers. It is also used in characterizing
atmospherics by means of the parameter Vj de-
fined as the ratio of the rms to the average value.

5.2 Statistical Measures

Reference [24] and others have given defini-
tions and descriptions of the hierarchy of prob-
ability distributions required for the description
of a random process. In practice it is almost
never feasible to obtain this complete descrip-
tion for man-made radio noise. It has been found
that, for additive interference (Gaussian, at-
mospheric, man made, and the like), perform-
ance can be determined for most systems from
the amplitude probability distributions of the
noise and of the signal envelopes. However, since
some forms of additive interference are corre-
lated in time, higher order distributions are, in
principle, also required for some systems. Ref-
erences [5], [9], [16], [26], [27], and [32] give spe-
cific examples of such studies for digital systems,
while references [24], [25], [30], [31], and [33] and
their bibliographies treat systems in general and
give specific examples for both analog and dig-
ital systems. For the optimum design of some
communication systems, all of the above statis-
tics may be required.

Since any measurement of noise is made on
the detected radio noise with a receiving system
having a finite bandwidth and not on the radio
frequency voltages in the receiving antenna, the
receiving system characteristics must be consid-
ered. That is, differences between the receiver
experiencing interference and the receiver used
in the measurement program must be taken into
account. Indeed interference appearing to orig-
inate in isolated impulses on one (wideband)
receiver could appear as originating in overlap-
ping noise bursts in another (narrow-band) re-
ceiver.

5.2.1 Envelope Amplitude Distribution
(EAD). EAD is defined in Section 3. The use of
EAD as a method of impulsive noise measure-
ment is limited since each type of filter and each
bandwidth has a different impulse response. Its
main usefulness is to show the limitations of
measurement equipment caused by Gaussian
noise generated in the receiver itself.

5.2.2 Amplitude Probability Distribution
(APD). APD is defined in Section 3. The am-
plitude of the received signal levels are ex-
pressed in either decibels, rms, or dB above kTB.
The APD is usually presented on Weibull prob-
ability paper.



In the case of atmospheric radio noise, which
generally has a constant noise slope of 10 dB
per octave, it has been found that an approxi-
mation of the APD can be determined by 3 sim-
ple parameters: the antenna radio noise factor
F,, the deviation Vy of the average envelope of
voltage from the rms envelope voltage, and the
deviation L of the average log of envelope from
its rms value. Both V; and L; are expressed in
decibels [4], [10], [11]. It has also been found that
L, is well correlated with Vy, though this might
not be the case with some other form of impul-
sive noise [29]. The noise predictions based on
the rms envelope value and Vj given in [7] can
be converted to impulse rates. Reference [23]
gives APD data for man-made noise.

5.2.3 Noise Amplitude Distribution
(NAD). NAD is defined in Section 3. The NAD
is usually presented on a graph with the spec-
trum amplitude [dB (uV/MHz)] on the linear
ordinate and the impulse rate on the logarithmic
abscissa. For impulsive noise, the noise data pre-
sented by the NAD is independent of both band-
width and the characteristics of measurement
equipment used to make a noise measurement.
provided the highest impulse rate is no greater
than about 30% of the receiver bandwidth and
the impulses are largely nonoverlapping after
passing through the measuring receiver.

Single parameter measurements can easily be
determined from the NAD for comparison pur-
poses. Peak values can be found by inspection
since they correspond to the lowest impulse rate.
Quasi-peak and rms values can be found bv
graphical methods.

The interference effect of impulsive noise can
be evaluated by the following method:

t1) Measure impulse noise tolerance (isodegra-
dation curve: of the receiving equipment in ac-
cordance with applicable standards

(21 Measure NAD

t3) Perform NAD overlay on impulse noise
tolerance graph and determine degradation

6. Limit Setting

This section develops the rationale for. and
suggests guidelines for, electromagnetic emis-
sions from unintentional radiators. It does the
same for corresponding immunity characteris-
tics. A basis for establishing general interfer-
ence/emission objectives is first developed,
followed by examples of derivation of test spec-
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ifications for specific equipments and allocation
of emission requirements among multiple com-
ponents of a system. Where specific limits have
already been established by regulatory bodies,
those specific limits supersede limits herein.

The discussion in this section is restricted to
narrow-band emissions and narrow-band im-
munity. The more complex problems for setting
guidelines for broadband emissions will be
treated at a later time.

6.1 Protection of Radio Transmissions. In-
terference with a radio frequency system or
other susceptible equipment is a function of the
magnitude and character of the radiated signal,
the immediate electromagnetic environment,
and the characteristics of the susceptible system
or equipment. For economic reasons, the energy
used in radio transmissions is the minimum re-
quired to achieve useful communication. This
energy is a direct function of the ambient noise
level.

A widely used summary of the anticipated me-
dian outdoor values of natural and man-made
noise (expressed in terms of noise figure F, in
decibels above kTB, where % is Boltzmans con-
stant, 7 is 290 Kelvin, and B is receiver band-
width in Hz) is given in Fig 1 [3].

Although noise is accurately described by the
power spectral density as in Fig 1, it is more
common to prescribe limits on radiated noise in
terms of field strength. In Fig 2 the noise en-
vironment of Fig 1 has been translated to field
strength as seen by a receiver of 10 kHz band-
width using an electrically small nondirectional
antenna. The 10 kHz bandwidth is taken as typ-
ical of communication receivers and of enter-
tainment AM broadcast receivers.

[t should be noted that the “quiet rural areas”
curves of Figs 1 and 2 represent locations chosen
to be as free as possible of manmade noise. The
presence of even a small number of automobiles,
power lines, or business or residential machines
would change the environmental conditions to
those of the “rural areas” curve. The ambient
noise median is fairly constant in the range of
5-25 dB (uV/m) at higher frequencies as set by
manmade noise and increases at frequencies be-
low about 2 MHz as set by atmospheric noise
(4], (7], (10], [11], [15], [17], [22], [28], [29].

The choice of the particular numbers to be
used for guidelines to meet noninterference ob-
jectives is not amenable to exact analysis. Data
are not available describing the relation be-
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tween a given emission limit and the number of
interference cases observed or of the impact of
various levels of radiation reduction. In general,
at lower frequencies, below about 1 MHz, the
permitted emission levels should not raise the
noise level above the atmospheric noise at a
somewhat arbitrary, but specified distance from
a given radiating source. This distance is some-
times referred to as the “protection distance.”
Since the expected level of interference at the
protection distance is at or below the ambient
level, measurements must either be made at a
distance less than the protection distance or in
a shielded enclosure of some type.

Two protection levels, based upon two partic-
ular classes of environment, residential and
commercial, have the potential for reducing
costs while still providing adequate protection.
With these considerations, a two-tier protection
limit plan is chosen. One set of limits applies to
equipment used in a commercial / industrial en-
vironment where the ambient noise level tends
to be high and the likelihood of sensitive receiv-
ers is low. A second stricter limit applies to
equipment that will be operated in a residen-
tial /domestic environment where noise levels
tend to be lower and where there are generally
larger numbers of sensitive receivers. This con-
cept will usually provide a practical and eco-
nomic approach to interference control.

The distance at which the protection / radia-
tion limit should be applied could reasonably
vary from as little as 1 m (meter) to as much as
several hundred m. These distances are primar-
ilv limited at the close range by the dimensions
of the measuring equipment and the problems
of making accurate measurements in the near-
field region. At distances much in excess of 30
m. the siznal levels of devices that will meet the
requirements will in many cases be at the same
or lower levels as the ambient noise and may
not be capable of resolution. A protection limit
specified at a measurement distance of some-
where between 3 and 30 m is preferable when
measurement logistics and typical noise source,
receiver. and antenna characteristics are con-
sidered.

The measuring/ protection distance is set at
30 m for the industrial/commercial environ-
ment and at 10 m for the residential /domestic
environment. Other measuring distances, such
as 3 m, may be used if the results are carefully
extrapolated to 10 or 30 m. Extrapolation will
be considered later in this section. This plan is
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consistent with practices of various governmen-
tal regulatory commissions and international
standards bodies [12], [13], [19], [20].

Measurements should be made in accordance
with ANSI C63.4-1987 [2]. References [3] and [18]
also provide information on measurements. Ref-
erences [2], [3], [12], [13], [18), and [19] give fur-
ther information on recommended test site
characteristics.

Manufacturers and users are advised to refer
to any appropriate standards which may apply
to their particular types of equipment. Indus-
trial, scientific, and medical radio frequency
equipment limits are covered in references [14]
and [20]. Proposed ANSI standard PC63.8 (see
7.2, footnote 9) is a compendium of standards in
current use. Stricter technical emission limits
may be required for special situations such as
on-board aircraft or for military applications.

6.1.1 Radio Transmission Protection
Guidelines, Normal Conditions. In the ab-
sence of any other standards, the following re-
quirements will assure that a reasonable level
of protection is given to equipment operating in
the vicinity of the equipment to which these
standards are applied.

The radiated emission guideline is shown in
Fig 3. For frequencies below 800 kHz, the per-
missible noise level increases inversely with fre-
quency in approximate conformance to the
atmospheric noise curve of Fig 2. Above 800 kHz
the level is constant to 230 MHz where the per-
mitted level increases slightly. Two measuring
distances are used.

For equipment that is to be used in an indus-
trial/commercial application, the radiated
emission requirements measured at a distance
of 30 m in any direction from the equipment,
or. for equipment that is to be used in a resi-
dential / domestic application, the radiated emis-
sion requirements measured at a distance of
10 m in any direction from the equipment should
not exceed the following electric field strength:

Quasi-Peak Limit

Field
Frequency of Strength Field Strength
Radiation (uwV/m) [dB (uV/m)]
Below 800 kHz 24000 ~ f*  87.6-20 log f*
800 kHz-230 MHz 32 30
230-1000 MHz 70 37
1000-10 000 MHz 70 37

* Where f is frequency in kilohertz.
(The stricter limit shall apply at the transition frequency.)
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Radiated Emission Guideline

In general the measuring distance should be
no less than the largest dimension of the device
being measured and no less than the largest
dimension of the measuring antenna. Measure-
ments should be made at the specification dis-
tance if at all possible.?

6.1.2 Radio Transmission Protection
Guidelines, Special Conditions. Under cer-
tain circumstances, different ambient levels
may exist and different protection distances or
levels may be appropriate. In such cases. for

1t 15 understood that a radiation level expressed tus
shown in Fig 311in uV'/ m implies electric and magnetic field
levels related by the free space impedance of 377 (1 It 1s
true that the free space impedance may not hold in the near
field. that 1s. at frequencies where the measuring distance
is less than A2z where A is the wavelength in meters
(frequencies below 1600 kHz for a4 measuring distance of 30
m and frequencies below 4800 kHz for a measuring distance
of 10 m). Extrapolation of the electric field limit values at
a particular frequency to a different measuring distance
requires a knowledge of the source of the emissions. In the
simplest case, this would be either a small electric dipole or
a small magnetic loop. Extrapolation of the limits at a par-
ticular frequency to distances less than A/27 requires ex-
trapolation of the level at that frequency back to the A/ 2
distance using a 1/d extrapolation and then further ex-
trapolation from the level at the A/2# distance to the final
distance using a 1/d® or 1/d? relation (depending on an
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example, the relaxation of the limits for indus-
trial areas may not be appropriate, and the res-
idential limit might be considered as an
alternate. Still other limits might be appropriate
for equipment that might be used on aircraft
with sensitive navigation equipment which op-
erates in the fuselage in an ambient noise en-
vironment well below that shown in Figs 1 and
2.4 Recommended guidelines in such special sit-
uations are under consideration at the present
time.

electric or magnetic source, respectively). Extrapolation of
the limits at a particular frequency to distances greater than
A/2m requires that the level at that frequency first be ex-
trapolated to the A/27 distance using a 1/d3 or 1/d? re-
lation (depending on whether the source is electric or
magnetic, respectively) and then further extrapolating the
limit from the A/27 distance to the final distance using a
1/d relationship. It follows that limit extrapolation for dis-
tances greater than 10 m above 4800 kHz or 30 m above
1600 kHz requires only a simple 1/d extrapolation. Thus,
translation of the guidelines requires a knowledge of the
type of source causing the emissions.

*The Federal Aviation Administration reports that the
industrial guideline limits may not be adequate to protect
navigation systems used on aircraft from equipment located
on legal airport approach air routes or from consumer prod-
ucts carried on board aircraft by passengers.

10 000



6.1.3 Conducted Emission Objective. Com-
mon-mode emissions occur on one or more con-
ductors and are measured with respect to
ground. The recommended common-mode con-
ducted emission objective level is shown in Fig
4. The conducted emission level of Fig 4 is de-
rived from the previously defined radiated emis-
sion level of Fig 3. The proposed level is related
to the radiated electric field limit in terms of a
parallel wire line model in which the parallel
line consists of the actual current carrying con-
ductor and an image reflected in the ground
plane carrying equivalent current in the oppo-
site direction. Such a line, if terminated in its
characteristic impedance, has a ratio of electric
to magnetic field equal to that of free space (377
), and for a given conductor height above the
ground plane (half of the conductor separation
of the equivalent two-conductor line) the current
guideline can be chosen to roughly correspond
to that producing the radiated electric field level
of Fig 3. The guideline of approximately 3 mA
or 69.5 dB(nA) shown is chosen to correspond to
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afield of 32 uV/m at 30 m for a conductor height
of about 15 ¢m above the ground plane. The
guideline is cut off at 30 MHz since conducted
emission is generally negligible above the 30
MHz owing to line losses.

The proposed guideline as shown in Fig 4 then
becomes

Common-Mode Current

Frequency of Emission (mA)
Below 800 kHz 2400/ f (kHz)
Above 800 kHz 3

One method of making the test for conducted
emission is spelled out in [2].

In addition to the above guideline that uses a
current probe to measure the common-mode cur-
rents in all cables, the use of a line impedance
stabilization network (LISN) to measure the
noise voltage on ac power leads is recommended
[2], [19], [20]. The recommended limits for equip-
ment to/be used in an industrial, commercial,
or business application are, per [19]

Fig 4
Common-Mode Conducted Emission
Guideline
"o
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Frequency

Range Quasi-peak Average

(MHz) dB/uV  uV  dB/pV  uV
0.15-0.50 79 9000 66 2000
0.50-30 73 4500 60 1000

NOTE: The stricter limit shall apply at the transition fre-
quencies. )

For equipment designed to be operated in a residential
environment the limit is, per [19].

F .
rgc;lrllegr;cy Quasi-peak Average
(MHz) dB/uV uvV dB/uvV.  uVv
0.15-0.50 66-56 2000-630 56-46 630-200
0.50-5.0 56 630 46 200
5-30 60 1000 50 317

NOTE: The limit decreases linearly with the logarithm of
the frequency in the range 0.15 to 0.50 MHz. The stricter
limit shall apply at the transition frequencies.

The foregoing discussion and limits apply
most appropriately to power line conductors or
to emissions from unshielded leads within 30 m
of the emitting equipment. Different limits may
be more appropriate for other applications. For
example. limits for conducted emissions above a
frequency of 4 kHz from terminal equipment
intended for connection to the public telecom-
munications network may be found in Para-
graph 68.308 (e) of the FCC 47 CFR 68.

6.2 Emission Allocation for Components of
a Large System. In acquiring support evidence
of svstem compliance. it may be desirable to test
subsvstems. In order to ensure that the complete
svatem will be compliant when subsequently
tested. the total-system radiated emission limits
mu~! be allocated among the subsystems. When
the emitssion source is a system composed of a
multiplicity of subsystems. a radiation design
abjective can be set for each of the subsystems
types This consists of allocating the total-system
emission requirement among the subsystems on
the basis of the expected number of each type
of subsystem in the system and the anticipated
additive properties describing the way emissions
from the subsystems or equipment units add to-
gether. Additive properties depend on the degree
of similarity of the various equipment units and
on synchronization of the signals from the var-
ious emitters. The properties range from peak
addition (6 dB increase for doubling the number
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of equipment units) for identical emissions that
are synchronous in both frequency and phase to
zero addition for emissions which are con-
strained to never occur in the same frequency
detection band.

Allocation procedures should be engineered
on a system basis by the appropriate systems
engineering group. Coordination must be main-
tained across all subsystems so that the occur-
rence of two or more strong spectral lines within
the same 100 kHz bandwidth will be considered
and handled appropriately. In the absence of any
allocation procedures better suited to a specific
system being considered, either of the allocation
procedures that follow may be used. The term
svnchronously operated subsystems in these pro-
cedures refers to subsystems that are frequency
and phase synchronized to a common clock. The
term subsystem margin refers to the amount in
decibels by which the radiated emission limits
for the subsystems under test should be below
the corresponding limits for the entire system.

6.2.1 Allocation Method 1

Allocation Procedure 1

For synchronously operated subsystems con-
tained within a common building, the margin M
required for a subsystem at any given frequency
is given by

MdB) = (10 log)oNS) + E+ S+ LE + LM
(Eq 1)

where

NS = the maximum number of synchron-
ously operated subsystems in one row
of equipment (lineup) which contains
the subsystem under test

6 dB measurement error allowance

0 to —8 dB building shielding allow-
ance, depending on building character-
istics and whether building wall
attenuation can be considered as part
of the equipment

0 or —3 dB if, respectively, the sub-
system appears or does not appear in
an external lineup®

»n
I

I

5 Equipment appearing in an internal lineup does not con-
tribute as heavily to external emissions as equipment located
on the periphery of the equipment complex. The intervening
exterior lineup provides some attenuation of the signals em-
anating from the interior lineup owing to both the distance
and the presence of the intervening equipment.



LM = Oor 3dBif, respectively, the subsystem
appears or does not appear in more
than one lineup®

The margin required for a nonsynchronous sub-
system is given by

M(@dB) = (51log)oNN) + E+ S+ LE + LM
(Eq 2)

whqre

NN = the maximum number of nonsynchron-
ous subsystems in one lineup which
contains the subsystem under test,

and the other parameters are as previously de-
fined.
6.2.2 Allocation Method 2
Allocation Procedure 2
For synchronously operated subsystems the
margin required for a subsystem is obtained
from

M(db) = 10 log;pPDR (Eq 3)
where PDR is the power dissipation ratio, the
power dissipated by the subsystem under test
divided by the power dissipation of the entire
syvstem. For the nonsynchronous case the margin
required for a subsystem is obtained from

Mudb) = 5 log1nPDR (Eq 4)

with PDR as defined for the synchronous case.

6.3 Immunity (Susceptibility).” Electronic de-
vices must frequently operate in the presence of
external radio frequency (rf) fields. These may
be due to nearby fixed radio transmitters such
as those in the entertainment broadcast service.
mobile radio transmitters such as citizens band
or mobile radio-telephone units, or noncommu-
nication rf radiators such as industrial heating
or medical diathermy machines. When in close
proximity to these radiators, the rf fields can be
of sufficient magnitude to result in interference
into such devices as entertainment and telecom-
munications electronic equipment or in mal-
function of such devices as electronic control

® Equipment appearing in more than one lineup does not
increase emissions in a linear fashion since whichever lineup
is closest to the exterior wall will be the dominant source
of emissions when measured at a distance from the complex
of equipment.

" Immunity is the positive view of susceptibility. Both
terms are used interchangeably, although immunity is pre-
ferred.
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circuits. Even nearby sources of relatively low-
level emission from incidental radiating devices
with microprocessors may cause interference
with radio receivers. In this section, only the
higher power sources of rf interference and their
effects on devices not tuned to the same fre-
quency are addressed. These sources may be
modulated and, in fact, may affect the victim
equipment as a consequence of the modulation
as well as the radio frequency carrier signal
strength.

Paralleling the case of rf emission control, set-
ting immunity guidelines strict enough to al-
ways avoid interference is not economically
practicable, so the chosen set of guidelines must
provide protection for most of the units without
causing an undue cost penalty to the many units
which never encounter high rf fields. As in emis-
sion, the immunity coupling mode may occur by
direct response to electric or magnetic fields or
by conduction of induced or directly coupled sig-
nals on connecting leads and power cords.

6.3.1 Radiated Immunity. Definitive studies
of the percentage of electronic devices in homes
or businesses that encounter high rf fields are
limited. It is known that rf fields at some loca-
tions can be very high as, for example, 150 dB
(uV/m) (32 V/m) 200 ft away from a 50 kW
nondirectional AM broadcast transmitter an-
tenna or 20 m directly in front of an 8 dB gain
amateur antenna fed with 1200 W peak effective
power. Even higher fields may exist in extreme
cases. However, these extreme locations consti-
tute a very small portion of total locations where
electronic equipment is used. Probably less than
5% of these locations experience fields greater
than 1 V/m [15], [17], [22). Experience has
shown that most electronic equipment can be
designed to withstand electromagnetic fields in
the order of 1to 5 V/m with very little increase
in production design cost, but that design com-
plexity usually goes up sharply as the immunity
level is raised beyond that.

On the basis of this background, it is proposed
that the minimum immunity guideline for elec-
tronic equipment be placed at 1 V/m for the
electric field and an equivalent free-space con-
version for the magnetic field for the entire fre-
quency range (Fig 5). It is suggested that this
limit be applied to as much of the spectrum as
possible to account for a continuous mode of
immunity response due to the resonance prob-
lems caused by variations in lead lengths and
cabinet or device dimensions. It is to be under-
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stood that some devices will encounter higher
fields and must be specially modified or shielded
to attain interference-free operation. Those de-
vices whose reliable operation at all locations is
essential for any reason should be designed for
higher immunity levels as required for their ap-
plication. These devices normally represent a
very small proportion of the total population,
and a decision to meet the higher immunity lev-
els must be decided on an individual basis. Ex-
amples are shown as dotted lines on Fig 5.
6.3.2 Conducted Immunity. Fig 6 shows
guideline levels of conducted immunity. The top
line shows the immunity for power line voltages
in the differential mode. This requires a 1 V
common mode immunity at frequencies above
10 kHz. Usually equipment can be designed to
meet it without too much difficulty, except pos-
sibly in the case of some radio receivers oper-
ating in the frequency range above 1 MHz.
The common-mode conducted immunity curve
as shown in Fig 6 is presented for discussion
purposes. It refers primarily to signaling lines
and is based upon voltage induced in a typical
closed circuit path which would represent, for
example, a signal line running between two
pieces of equipment and an associated ground
plane. At low frequencies, the voltage is induced

by the changing magnetic flux, and at the higher
frequencies either by the changing flux or the
corresponding electric field. However, it should
be noted that in circumstances associated with
power transmission lines in which a substantial
ground potential rise exists, the voltage could
appear directly across a signal circuit via trans-
verse to common-mode unbalances. It might be
necessary for the common-mode immunity to be
of the order of volts or approximately equal to
the differential-mode immunity curve shown in
Fig 6.

Limited studies of conducted voltage induced
on telecommunications conductors indicate the
presence of significant unwanted voltages at fre-
quencies above 10 kHz. Although these voltages
have not been statistically categorized, some
idea of their levels has been indicated by several
small surveys. Measurements at telecommuni-
cations equipment locations that did not have
immunity problems generally had differential
mode voltages of less than 5 mV peak and com-
mon mode voltages generally less than 12 mV
rms. At locations near (less than 3.7 km) AM
broadcast antennas that experience immunity
problems, long-term differential mode voltages
generally were less than 300 mV rms, and com-
mon-mode voltages were generally less than

Fig 5
Minimum Radiated Immunity Guidelines
160] mmmmem e e et ccrccrcc e mr—r e ———— Severe—30 V/m

E
<
2
= Y gy High—86 V/m
z
=
2
x
=
2120 Normal—1 V/m
S
3 '
v
o '
brel 1
o 1

'
9]
= 1
Tz 1
o '
pre ]
= '

'

'

1

1 , .

0.01 0.1 1 10 100 1000 10 000

FREQUENCY—MHz



1401 SUSCEPTIBILITY
DIFFERENTIAL-MQDE
{POWER LINE)
1204~ X——O—X—
X
= SUSCEPTIBILITY
=100 COMMON-MODE
g {SIGNALING LINES)
2
o
> B8O
w
-
60—
40 i | I l I i
1K 10K 100K ™ 10M 30M

FREQUENCY—Hz

Fig 6
Conducted Immunity Guidelines

11 V rms. Because of the limited extent of the
studies, it is probable that long-term voltages
higher than these values also occur.
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cedures.
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Appendixes

(These Appendixes are not a part of ANSI C63.12-1987, but are included for information only.)

Appendix A
Measurement of Amplitude Distribution

Al. Noise Amplitude Distribution
Requirements

The requirements for an instrument are sim-
ilar to those described in the basic specifications
except as follows.

Al.l1 Bandwidth. The intermediate frequency
(IF) bandwidth should be as close as possible to
the overall bandwidth specified. The IF filter
should be designed to have an impulse response
giving a minimum!® number of positive cross-
ings and a rapid decrease in amplitude after its
first peak. The impulse response of the IF filter
should not prevent accurate measurements at
any tmpulse rate up to B;/3 and for two simul-
taneous rates of B;/10 and B;/5 which differ in
amplitude by at least 40 dB.

The following overall bandwidths are recom-
mended for each indicated frequency range:

Frequency
Range
‘MHaz B,
0 15-30 1 and 10 kHz
30.00-400 10 and 100 kHz
J00 0G-1000 100 and 1000 kH:z

NOTE Sugpested himit is = 10%.

AL.2 Detector and Pulse Counting Circuits.
The detector circuitisi should respond to appro-
priate levels of spectrum amplitudes using a
level-tvpe detector.

A L2 Level Detector. The level detectorts!
should include such means as the slideback or
threshold method to produce a single pulse for
each input impulse exceeding a calibration level.
At least eight detectors should be used with each
adjustable to respond at a different spectrum
amplitude, or a means should be provided to
make rapid measurements with a single detec-
tor.

i

A Gaussian response filter has only one positive crossing
and a decay slope of 40 dB/Bt.
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A1.2.2 Pulse Counting Circuits. Pulse count-
ing circuits should follow each level detector.
Counting intervals should be available on a per
second basis. It is also desirable to provide total
count capability for short time intervals.

A1.2.3 Units of Measurement. The output
meter scale or digital display(s) should indicate
the impulse rate (per second) exceeding cali-
brated levels of spectrum amplitudes. At least
8 measurement levels of spectrum amplitude
should be provided with an adjustable range
greater than 50 dB from the lowest level to the
highest. Impulse rate measurements should be
provided at each level on a simultaneous or rapid
sequential basis. Each pickup device should be
supplied with a calibration curve to convert the
indicated voltage to the appropriate electromag-
netic field, voltage, or current being measured.

The digital output display is recommended:
however, a meter-type indicator device can be
used if it provides three significant figures.

Al.2.4 Audio Detector. The measuring set
should provide an AM audio detector. In addi-
tion, an FM audio detector is recommended for
frequencies above 30 MHz. The audio amplifier
should be provided with a manual gain control.
The output should be 10 mW minimum into a
600 Q load.

A 1.3 Measurement Interval. Measurement in-
tervals should be adjustable from 1 ms to 15 s.
It is also desirable to provide repeatable periods
of measurement that can be initiated by exter-
nal signais with the data output suitable for
automatic analysis.

Al.4 Calibration. The measuring set should be
supplied with an impulse-type signal source for
substitution-type calibration (see ANSI/IEEE
Std 376-1975 [Al]. A variable repetition rate
from 1-10 000 Hz is recommended for the im-
pulse generator.

The measuring set should be supplied with a
calibration curve that gives the impulse band-
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width for the entire frequency range and for the
circuits prior to the detector.

Al.5 Spectrum Amplitude Range. The ampli-
tude range of the measurement should be from
40-120dB (1 V/MHz) in frequency range B, 25-
105 dB(uV/MHz2) in range C, and 25-85 dB
(uV/MHz) in range D. The total amplitude
range is a function of the overall noise figure
and the impulse bandwidth. The overall ampli-
tude accuracy should be at least = 1.5 db. Noise
generated by the measuring set itself should be
measured as described in Appendix B and the
results presented as an envelope amplitude dis-
tribution of the noise.

A1.6 Impulse Rate Range. The impulse rate
range of the measuring set should be from 1 Hz
to the highest measurable impulse rate (about
% the impulse bandwidth).

Al.7 Effects of Additive Random Noise. The
effects of added random noise on the NAD mea-
surement are shown in Appendix B.

A1l.8 Reference

{A1] ANSI/IEEE Std 376-1975, IEEE Standard
for the Measurement of Impulse Strength and
Impulse Bandwidth.

Appendix B
Measurement Set Envelope Amplitude Distribution

B1. General

Gaussian noise generated in the front end of
the measurement set can cause both unwanted
impulse counts in the level detector circuits and
amplitude modulation of the impulsive noise
being measured. which increases the difficulty
of calibrating. To show the degree of limitations
of a measuring set. an envelope amplitude dis-
tribution (EAD1 should be furnished for each IF
bandwidth and for each operating frequency
range.

B2. Method of Measurement

With an impulse generator connected to the
input of the measuring set. adjust its output to
minimum.

At each operating frequency and IF band-
width make the following adjustments and mea-
surements:

(1) Adjust the most sensitive level detector to
respond on front-end noise to produce an aver-
age count of B;/10.

(2) Connect an attenuator at a convenient lo-
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cation in the measurement set, between the
front-end amplifiers and the level detector,
which will reduce the gain of the measurement
set by 20 dB.

(3) Increase the output of the impulse gen-
erator until the threshold level of the most sen-
sitive level detector is reached. Record the
spectrum amplitude adjustment of the impulse
generator.

(4) Increase the level of the impulse generator
by 2 dB and adjust the next level detector to
give a pulse count between 95 and 100% of the
generator repetition frequency setting.

(5) Repeat step (4) in sequence for the re-
maining level detectors. All level detectors
should now be calibrated on intervals of 2 dB.

(6) Remove the attenuator connected to the
measurement set in step (2). Each level detector
should now be calibrated to measure envelope,
amplitude at a spectrum amplitude level of 20
dB below that recorded in step (3), and adjusted
in steps (4) and (5).

(7) Make several recordings of pulse count for
each level detector to obtain an average rate.

(8) Record the results on a graph similar to
Fig Bl.
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N

N

SPECTRUM AMPLITUDE dB (xv/MH2)ADD A

0.0t C. [

10 100 1K

x Bk {pulses/second)

The impulse rate f, is given by the following:

f, = 1084 BE, **  (pulses/second

where
B, = impulse bandwidth in hertz
E = rms voltage normalized

A =NF+ 47 — 10 log B, dB (uV/MHz)

where NF is the noise figure of measuring set

Fig B1
Envelope Amplitude Distribution for
Gaussian Noise

Appendix C
Amplitude Probability Distribution

Amplitude probability distribution (APD" de-
fines the fraction of total measurement time. T,
for which the detected envelope exceeds the var-
ious voltage levels. Fig C1 shows a typical APD.
with amplitude plotted as the vertical axis
against the percentage of time the amplitude is
exceeded. APD is a required statistic for pre-
dicting the performance of communication sys-
tems in the presence of noise. A knowledge of
the noise APD is needed to optimize the design
of error-correcting coding schemes.

Actual APD measurements require multiple-
threshold detectors and numerical analysis of
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the percentage of time each level is exceeded.
However, it has been demonstrated that APD
can be plotted quite accurately (=2 dB) from
knowledge of only two parameters: (1) the rms
voltage level, E\ s, and (2) V; = Erms/ Eaverage-
V. determines the shape of the curve, whereas
the £, determines its vertical displacement.

Theoretical V; for Gaussian noise is 1.05 dB;
the more impulsive the noise, the higher its V,
ratio. Thus, determining the V, ratio can supply
valuable data relative to the composition of in-
terfering noise.
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A Typical Man-Made Noise Amplitude

Probability Distribution
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